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PROCESS TO CLEAN POLYMERIC
ARTICLE, SUCH AS POLYURETHANE
GLOVLE, SO AS TO REMOVE
NON-VOLATILE RESIDUES AND
LOW-VOLATILITY RESIDUES

TECHNICAL FIELD OF THE INVENTION

This invention pertains to a process to clean a polymeric
article, such as a polyurethane glove, so as to remove
non-volatile residues and low-volatility residues from the
article. The process employs a bath consisting essentially of
a suitable solvent at an elevated temperature of approxi-

mately 60° C.
BACKGROUND OF THE INVENTION

Polyurethane gloves are used 1n clean rooms, 1n which
microelectronic devices requiring strict control of cleanli-
ness are handled. Polyurethane gloves made from LY CRA®
by dip-forming and curing on glove forms are available
commercially from Wilshire Technologies, Inc. (“Wilshire™)
of Carlsbad, Calif. LYCRA® 1s a trademark registered by
E.I. DuPont de Nemours and Company (“DuPont”) of
Wilmington, Del., and licensed to Wilshire for a DuPont
brand of polyurethane, which, as used by Wilshire to make
polyurethane gloves for such use, conforms to the following,
speciflications:

Percent solids, 18.5%+0.5%;
40° C. falling ball viscosity, 175 poisex25 poise;

Intrinsic viscosity, 1.1 poisex0.1 poise; and

T10,, 3.5%+0.3%.

Polyurethanes including LYCRA®, supra, tend to
comprise, 1n any given batch used for dip-forming of gloves
or other articles, fractions of low, intermediate, and high
molecular weights. Notoriously, polyurethane fractions of
low molecular weights tend to form excessively high levels
of low-volatility residues, which detract from cleanliness of
dip-formed articles, such as dip-formed gloves. Therefore,
despite polyurethanes having other characteristics favoring
their use for gloves for clean rooms, their use for gloves for
such use has been inhibited.

Commonly, a sample glove from a batch of polyurethane
gloves intended for such use 1s tested for cleanliness by
immersing the sample glove from the batch, in a quiescent
bath consisting essentially of a solvent selected from 1so-
propyl alcohol, hexane, acetone, and blends of 1sopropyl
alcohol and hexane, at ambient temperature, for a predeter-
mined time. Varying from one prospective user to another,
the predetermined time may be as short as approximately
twenty minutes, or as long as approximately twenty-four
hours. After the predetermined time, the sample glove 1is
withdrawn from the bath and all volatiles are evaporated
from the batch, so as to leave non-volatile residues and
low-volatility residues, which may include oils, waxes, and
polyurethane fractions of low molecular weights. The non-
volatile and low-volatility residues from the batch are
welghed collectively. If their collective weight exceeds a
predetermined tolerance, the batch 1s rejected.

Commonly, gloves for clean rooms are cleaned with
deionized water, which removes only surface contaminants.
Cleaning of such gloves with deionized water does not
deliver such extremely low levels of non-volatile and low
volatility residues as users demand.

Commonly, gloves for clean rooms are washed with a
washing solution, 1n a commercial washing machine.
Because much of the washing solution becomes trapped
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within the washed gloves, it becomes costly, difficult, and
time-consuming to dry such gloves.

Alternatively, gloves for clean rooms are cleaned with a
solvent, such as isopropyl alcohol, in a commercial dry-
cleaning machine, 1n which much of the solvent becomes
trapped within the washed gloves. In such a machine, the
temperature must be maintained at a safe level below the
flash point of the solvent. Drying of isopropyl alcohol and
other solvents having low {flash points requires costly
explosion-proof equipment.

SUMMARY OF THE INVENTION

This mvention provides a process to clean a polymeric
article so as to remove non-volatile residues and low-
volatility residues from the article. Broadly, the process
comprises 1mmersing the article 1n a bath consisting essen-
tially of 1sopropyl alcohol, at an elevated temperature of
approximately 60° C., for a predetermined time not less than
approximately five minutes, preferably for a predetermined
time of approximately ten to twenty minutes, withdrawing
the article from the bath, and drying the article, as by
allowing the article to be air-dried.

The process provided by this invention can be effectively
employed to clean a polymeric article, as cured on a form,
before the article 1s removed from the form. Thus, the
process provided by this invention comprises immersing the
form bearing the article 1n a bath consisting essentially of a
solvent selected from 1sopropyl alcohol, hexane, and blends
of 1sopropyl and hexane, at an elevated temperature of
approximately 60° C., for a predetermined time not less than
about five minutes, preferably for a predetermined time of
approximately ten to twenty minutes, withdrawing the form
bearing the article from the bath, and drying the article on
the form, as by allowing the article to be air-dried on the
form.

Although the process provided by this invention i1s
intended particularly to clean polyurethane gloves for use in
clean rooms, the same process 1s expected to be also useful
to clean polyurethane gloves for use 1n pharmaceutical
manufacturing facilities, or for use 1n medical or surgical
facilities, to clean other polyurethane products, such as
finger cots and condoms, and to clean gloves and other
products made from polymers other than polyurethanes, e.g.,
acrylonitrile or natural latex.

Although the bath may be quiescent or agitated, it 1s
preferred for the bath to be agitated, either mechanically or
via bubbling of air or another gaseous medium that 1s inert
relative to the bath.

DETAILED DESCRIPTION OF THE
PREFERRED MODE

In a preferred mode for carrying out this invention, a
polyurethane glove 1s made from LYCRA®, supra, on a
oglove form, by steps of dipping, detackifying, and curing,
which steps are outside the scope of this invention. The
oglove, which may be one of a batch of polyurethane gloves
made similarly, i1s cleaned, as described below, before the
glove 1s removed from the form.

Specifically, when the glove 1s cleaned 1n the preferred
mode for carrying out this invention, the form bearing the
article 1s immersed 1n a quiescent or agitated bath consisting
essentially of a solvent selected from 1sopropyl alcohol,
hexane, and blends of 1sopropyl and hexane, preferably a
mechanically agitated bath consisting essentially of 1sopro-
pyl alcohol, at an elevated temperature of approximately 60°
C., for a predetermined time of approximately ten to twenty
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minutes. Because of the time and temperature conditions
and the solvent selection, the solvent effectively removes
residues from inside the glove as well as from outside the
glove.

Thereupon, the form bearing the glove 1s withdrawn from
the bath and the glove 1s dried, as by being allowed to be
air-dried on the form. After the glove 1s dried on the form,
the glove 1s removed from the form 1n a conventional
manner. Because the glove remains on the form when the
form bearing the glove 1s immersed 1n the bath, little 1f any
solvent 1s carried between the form and the glove when the
form bearing the article 1s withdrawn from the bath. Hence,
as contrasted with drying that would be required if much of
the solvent were to be carried within the glove, drying of the
solvent 1s simplified.

The cleaned glove and a glove made similarly but not
cleaned similarly are tested comparatively, each glove being
immersed 1n a separate, quiescent bath consisting essentially
of a solvent selected from 1sopropyl alcohol, hexane,
acetone, and blends of isopropyl and hexane, at ambient
temperature, for approximately ten minutes. From each of
the separate baths, all volatiles are evaporated from the bath,
so as to leave non-volatile residues and low-volatility
residues, which residues are weighed collectively. The col-
lective weights of such non-volatile and low-volatility resi-
dues from the separate baths are compared. The collective
welght of such non-volatile and low-volatility residues from
the bath for the cleaned glove 1s found to be approximately
ten percent of the collective weight of non-volatile residues
from the bath for the other glove.

The following table, 1n which residue weights are set forth
in parts-per-million, compares six similarly made, polyure-
thane gloves, wherein the form bearing each glove 1s
immersed 1 a separate, quiescent batch consisting essen-
fially of i1sopropyl alcohol, for the time set forth, at the
temperature set forth, whereupon all volatiles are evaporated
from the bath, so as to leave non-volatile residues and
low-volatility residues, which residues are weighed collec-
fively.

Test Time Temperature Residue Weight
#1 5 min. 18" C. 3815
#2 10 min. 18" C. 3367
#3 30 min. 18" C. 2924
#4 10 min. 47° C. 1514
#5 30 min. 44" C. 1059
#6 20 min. 60° C. 190

10

15

20

25

30

35

40

45

4

Thus, this invention provides a highly effective process,
which meets the time and cost requirements of the cost-
sensifive electronics industry.

™

What 1s claimed 1s:

1. A process to clean a polyurethane article, which has
been cured on a form, so as to remove non-volatile residues
and low-volatility residues from the article before the article
1s removed from the form, which process comprises immers-
ing the form bearing the article 1n a bath consisting essen-
fially of a solvent selected from i1sopropyl alcohol, hexane,
and blends of 1sopropyl and hexane, at an elevated tempera-
ture of approximately 60° C., for a predetermined time not
less than approximately five minutes, withdrawing the form

bearing the article from the bath, and drying the article on
the form.

2. The process of claim 1 wherein drying 1s accomplished
by allowing the article to be air-dried on the form.

3. The process of claim 1 wherein the predetermined time
1s approximately ten to twenty minutes.

4. The process of claim 2 wherein the predetermined time
1s approximately ten to twenty minutes.

5. A process to clean a polyurethane glove, which has
been cured on a glove form, so as to remove non-volatile
residues and low-volatility residues from the glove before
the glove 1s removed from the form, which process com-
prises 1mmersing the form bearing the glove 1 a bath
consisting essentially of a solvent selected from i1sopropyl
alcohol, hexane, and blends of 1sopropyl and hexane, at an
elevated temperature of approximately 60° C., for a prede-
termined time not less than approximately five minutes,
withdrawing the form bearing the glove from the bath, and
drying the glove on the form.

6. The process of claim 5 wherein drying 1s accomplished
by allowing the glove to be air-dried on the form.

7. The process of claim 5 wherein the predetermined time
1s approximately ten to twenty minutes.

8. The process of claim 6 wherein the predetermined time
1s approximately ten to twenty minutes.

9. The process of any one of claims 1 through 8 wherein
the bath 1s quiescent.

10. The process of any one of claims 1 through 8 wherein
the bath 1s agitated.

11. The process of claim 10 wherein the bath 1s agitated
mechanically.

12. The process of claim 10 wherein the bath 1s agitated
via bubbling of air or another gaseous medium that 1s inert
relative to the bath.
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